623rd MEETING. CANTERBURY 1103 fractionated on a C18-Lichrosorb column a t low pressure into unmetabolized parent compound, intermediate-and high-polarity metabolites eluted with 60%, 30-50% and 20% (v/v) MeCN/water, respectively. Metabolites were further separated on 5 and 3pm ODs-Hypersil h.p.1.c. columns eluted with 40% (v/v) MeCN/water. Metabolites collected from the column were freeze-dried, dissolved in C'HCI, and identified by H-n.m.r. (Bruker WM360) and ammonia-CI mass spectrometry (Finnigan 10-20 with desorption probe). The retention times of identified metabolites were measured relative to the respective parent compounds and compared with those measured in a similar way for radiolabelled fly metabolites.
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Both lipid amides penetrated rapidly into flies with very similar penetration curves (Fig. la) . However, a 3-fold greater internal concentration was achieved for I than for I1 (Fig. lb) . From h.p.1.c. of the extracts ofwashed flies, I1 was metabolized more extensively than I giving rise to a more complex pattern of metabolites. In rat liver microsomes, major metabolites were produced by epoxidation of either the 6,7-or 8,9-double bonds of 11, hydration of these epoxides to diols and also aliphatic hydroxylation, principally a t C4. It seems likely that the extra unsaturation in I1 compared to I leads to more rapid metabolism via initial epoxidation since the relative retention times of fly metabolites strongly suggest the production of epoxides and diols. Although I1 was metabolized faster than I, there was no difference in the rate of excretion (Fig. la) implying a rate-limiting step in metabolism and excretion. This may be caused by slow conjugation of primary metabolites: highly polar metabolites which could not be identified were a major component in fly extracts. One of the roles of glutathione (GSH) S-transferase (EC 2.5.1.18) in mammals is thought to be the inhibition of lipid peroxidation (e.g. Ketterer, 1986 ). This inhibition is facilitated by reduction of primary hydroperoxide products (Prohaska & Granther, 1977; Meyer et al., 1985) and also by conjugation of secondary products with GSH (Jensson et al., 1986). GSH-transferases have been partially purified from several plant sources including corn (Mozer et al., 1983) and peas (Frear & Swanson, 1973; Diesperger & Sandermann, 1979) . The reaction examined in each case is the conjugation of xenobiotics, in particular herbicides, with GSH. However, the potential for inhibition of lipid oxidation by plant GSH transferses has not been examined. In this communication, we partially purify GSH transferase from pea seeds using hydrophobic interaction chromatography. We examine its reaction with hydroperoxides of linoleic acid. Linoleic acid is the most common fatty acid component of peas (Coxon & Wright, 1985) . The relatively rapid reduction of these hydroperoxides demonstrates that GSH transferase from peas may inhibit lipid peroxidation in a similar manner to mammalian transferases.
Enzyme purijication
Transferase was routinely assayed using 1 -chloro-2,4-dinitrobenzene (CDNB) as described previously (Habig & Jakoby, 1981) . Dried pea seeds (var. progreta), 200g, were homogenized in liquid nitrogen and suspended in 0.01 Mpotassium phosphate pH 7.4/1 mM-EDTA (buffer A) containing 7.5% polyvinylpolypyrollidone, 10% (w/v) sucrose and 1% (w/v) aprotinin. An ammonium sulphate fraction (30-80% saturation) was dialysed against buffer A/2 M-(NH,), S0,/0.2 M-KCl, and applied to Phenyl Sepharose (10 x 2.5cm) equilibrated in the same solution. A reverse salt gradient of equilibration solution and buffer A (four Abbreviations used: GSH, glutathione; CDNB, 1 -chloro-2,4-dinitrobenzene. column volumes) eluted a peak of GSH transferase activity after the bulk of the protein. The enzyme thus obtained was concentrated by precipitation with 80% ammonium sulphate followed by dialysis against buffer A. The overall yield of activity was 43% with a 12-fold purification. Approximately l00mg of protein was obtained with a specific activity for CDNB of 350 nmol/min per mg. 13-Hydroperoxy-cis-9,trans-1 1-octadecadienoic acid (1 3c,t-HPO) and 9-hydroperoxytrans-lO,cis-12-octadecadienoic acid (9c,t-HPO) (oxidation products of linoleic acid) were synthesized using lipoxidases from soybean (Chan et al., 1975) and tomato (Matthew et al., 1977) , respectively. Assays for peroxidase activity were as described previously (Habig & Jakoby, 1981) . Table 1 shows the activity of pea seed GSH transferase with various substrates. The rate of reduction of linoleic acid hydroperoxides was about 25% of the rate for the model substrate CDNB. The previously determined values for the herbicide fluorodifen are strikingly lower than that for the linoleic acid hydroperoxides. Conjugation of cinnamic acid is also much slower.
Cumene hydroperoxide is often used as a model substrate for detecting GSH peroxidase activity of GSH transferases. However, the very low activity with this substrate may explain why GSH peroxidase activity of plant GSH transferases has not previously been reported. The absence of Lipid peroxidation, either autoxidation or lipoxygenasecatalysed, causes flavour deterioration in pea flours (Coxon & Wright, 1985) . For example, trihydroxy fatty acids are bitter tasting (Moll et al., 1979) and secondary volatile aldehydic products have distinctive off-flavours (Grosch, 1985) . Thus the presence of GSH transferase may influence both the rate of oxidation and the distribution of oxidation products, and hence affect the quality of pea flour.
The GSH transferases are a family of enzymes exhibiting a number of catalytic activities, these include the conjugation of GSH with reactive electrophiles and the reduction of fatty acid hydroperoxides. In addition, these enzymes possess a high affinity for certain hydrophobic compounds such as haem, which are not themselves substrates.
Strong similarities exist between the GSH transferases of different mammalian species; for example the N-terminal peptide sequences of the human GSH transferase x subunit and GSH transferase subunit 7 have been shown to differ in only 2 out of the first 23 amino acids ( A h et a[., 1985) . GSH transferase 7-7 and IC are also related immunologically (Soma et al., 1986) and display similar substrate specificities. The similarities between the rat and human enzymes suggested the possibility of using a rat GSH transferase subunit 7 cDNA probe to detect corresponding human sequences; in fact a hybridizing species is detectable on Northern blot analysis of human placental RNA with "Plabelled subunit 7 cDNA (Pemble et al., 1986) .
In this communication, we report the screening of a human cosmid library of 200 000 independent colonies with a rat subunit 7 cDNA probe and the isolation of eight cross-hybridizing clones. Upon examination of the cosmid DNA by restriction mapping, it was apparent that only three different types were represented by the eight recombinants. Furthermore these cosmid types overlapped extensively, suggesting that a single locus was represented by all of the recombinants.
DNA sequence analysis of one of the cosmids, cosGSTrP5.1, permitted comparison of the human sequence with the rat GSH transferase subunit 7 gene (Okuda et al., 1987) . To date, sequence data have been obtained for exons 2,3,6 and 7, and it has been shown that the intron-exon arrangement is conserved between the rat and human genes, including the 5'-boundary of the second exon which is within the codon for the initiation methionine. Comparison of corresponding exons from the two genes revealed a homology of 80-90% in both their nucleotide and predicted amino acid sequences, however, DNA sequence homology does not extend for more than a few nucleotides into the introns of the two genes. It is also of interest that the amino acid sequence encoded by the second exon of the human gene is identical to the N-terminal sequence of GSH transferase x (see Fig. 1 Intron sequence is shown in lower-case letters and the exon appears in upper-case letters.
The corresponding amino acid sequences show the presence of a valine in the human sequence in place of an isoleucine in the rat, this is in agreement with the N-terminal peptide sequence of GSH transferse n.
